OBJECTIVES: Coronary artery bypass grafting (CABG) is performed for symptoms and for prognostic reasons. The EuroSCORE is widely utilized as a pre-operative risk prediction tool. We evaluated our long-term survival figures based on EuroSCORE.
INTRODUCTION
Risk prediction in cardiac surgery initially focused on in-hospital mortality [1] [2] [3] . Subsequently, prediction of long-term survival became of interest as the debate between angioplasty and stenting increased [4, 5] .
Statistical analysis of long-term survival has traditionally focused on Cox regression analysis. A number of the risk factors in EuroSCORE have previously been identified by Cox regression analysis as possible significant factors [6] with regard to long-term survival, leading to a number of authors [7, 8] , utilizing EuroSCORE as a possible predicator of long-term survival despite its derivation being based on in-hospital operative mortality.
We sought to investigate the role of EuroSCORE as a prognostic factor with regard to survival after primary coronary artery bypass surgery.
METHODS
Local institutional review board approval was granted for this study.
Database
A prospective institutional cardiac surgery database, n = 18 706, validated by the hospital data analysis department, and accredited by the Society of Cardiothoracic Surgeons of Great Britain and Ireland was utilized in conjunction with the national strategic tracing service for long-term follow-up that exists in the UK, as has been described previously [9] [10] [11] [12] [13] .
Patients
Only patients who had undergone an isolated coronary artery bypass graft (CABG) were included, n = 13 337, between 1 April 1997 and 31 March 2010.
Benchmarking
We benchmarked our in-hospital mortality figures against the UK national results (http://www.scts.org/documents/PDF/ Sixth_NACSD_report_2008_with_c.pdf ).
Methodology
The characteristics of the patients in this study are shown in Table 1 . The distribution of logistic EuroSCORES for our population is shown in Fig. 1a and b , and the survival of our study population is shown in Fig. 1c .
Long-term survival
Patients were grouped based on their logistic EuroSCORE 0 to <5, 5 to <10, 10 to <15, 15 to <20, 20 to <25 and 25 or greater, and the Kaplan-Meier survival curves were constructed (Fig. 2a) . The effect of analysing the data based on quartiles is shown in Fig. 2b . Kaplan-Meier survival curves were then constructed for all patients with a EuroSCORE <5 (Fig. 2c) .
Stepwise Cox proportional hazards regression analysis was utilized to identify potential significant determining factors with regard to long-term survival. The entry criterion was P < 0.05, and the removal criterion was P > 0.1 (Table 2) . Receiver operator curves (ROC) for EuroSCORE and survival were constructed (Fig. 3) .
The discrimination ability of EuroSCORE was assessed by the Somers' Dxy test. For purposes of comparision, the survival of an age and sex-matched general population based on survival figures from the national office of population and statistics in the UK was calculated.
Neuronal network analysis
A neuronal network was then trained and run to create an ROC value to assess the network goodness-of-fit for predicting longterm survival to cross validate the Cox regression analysis. All studied variables utilized in the Cox regression analysis were used as input variables for the neural network construction. The basis of this network is multilayer perceptions that have feed- forward back-propagation topology. The network consists of four layers (Fig. 4 ).
(i) The input layer consisting of neurons into which variables were entered following their normalization through a process of standard rescaling (subtract the mean and divide by the standard deviation). (ii) Two hidden layers composed of neurons in which computation and differential weighing of the different variables are performed. (iii) The output layer consisting of two neurons into which the end result is entered (alive or dead).
Normalized importance output
This was utilized to determine the factors that are important in predicting long-term survival post-isolated CABG (Fig. 5 ).
Statistical software
All statistical analysis other than the neuronal network and Somers Dxy were performed with MedCalc for Windows, version 11.4.2.0 (MedCalc Software, Mariakerke, Belgium). The neuronal network analysis was performed with SPSS (version 17.0) for Windows, SPSS Inc., Chicago, IL, USA. Somers C statistic and Dxy was performed with R (http://www.r-project.org).
RESULTS
A total of 100% long-term follow-up via the national strategic tracing service was achieved. Benchmarking of our institutional mortality rates compared with the UK did not reveal any differences ( part of the continuous UK cardiac surgery quality assessment program by the society of cardiothoracic surgeons). The logistic EuroSCORE ranged from 0.881 to 80.411, mean 4.743, 95% confidence interval (CI) 4.632-4.855; however, 90% were ≤10 (Fig. 1a) . Long-term follow up was from 6 months to 12 years, mean 6.6 years and median 6.7 years (Fig. 1c) .
Long-term survival
The Kaplan-Meier survival curves broken down by logistic EuroSCORE 0 to <5, 5 to <10, 10 to <15, 15 to <20, 20 to <25 and 25 or greater, are shown in Fig. 2a . It can be seen that for the survival curves for patients with EuroSCORES between 5 and 25, the EuroSCORE offers little discriminatory ability with regard to predicting long-term survival. The overall sensitivity and ADULT CARDIAC specificity of EuroSCORE for predicting long-term survival were 70 and 59%, respectively, with a C statistic of 0.7, and a Dxy of 0.40, Fig. 3a . For patients with a EuroSCORE <5, EuroSCORE had a sensitivity and specificity of 77.5 and 44.5%, respectively for predicting long-term survival, with a C statistic of 0.65 and a Dxy of 0.30, C EuroSCORE >25, C statistic of 0.6 and a Dxy of 0.22 (Fig. 3b) . For patients with a EuroSCORE above 25, EuroSCORE had a sensitivity and specificity of 40 and 80%, respectively for predicting long-term survival, with a C statistic of 0.6 and a Dxy of 0.22 (Fig. 3c) . Previous work has broken EuroSCORE down by quartiles [6, 8] , Fig. 2b , and would seem to offer good predictive ability. However, each quartile has a 15-20% CI attached due to the many factors that are not measured in EuroSCORE, and demonstrates the dangers of a simplistic analysis.
Age-and sex-matched survival of the general UK population revealed a 1-5-year survival rate of 97.8, 97.6, 97.3, 97.1 and 96.8%, respectively.
Cox regression analysis
Cox regression analysis to determine the importance of logistic EuroSCORE and other possible predictive factors with regard to long-term survival is shown in Table 2A . Age, diabetes, ventricular function, body mass index (BMI), peripheral vascular disease (PVD), pre-operative dialysis, left internal mammary artery (LIMA) usage, creatinine kinase myocardial isoenzyme (CKMB) and logistic EuroSCORE were all identified as significant factors. Variables excluded from the model included sex and hypertension.
A subanalysis of patients with a EuroSCORE <5 was performed (Table 2B) . This identified age, diabetes, ventricular function, dialysis, LIMA usage, CKMB and logistic EuroSCORE as significant 
Neuronal network analysis
The neuronal network created had an ROC of 0.69, which was virtually identical to the logistic regression analysis which was 0.7. In addition, Fig. 5 , the normalized predictive values of the neuronal network identified age, dialysis and a raised CKMB were of higher predictive value than the logistic EuroSCORE, with regard to survival.
DISCUSSION
EuroSCORE is of prognostic significance after primary CABG. Its importance is limited to the lowest and the highest risk patients. Cox regression analysis demonstrated that age, diabetes, ejection fraction, BMI, dialysis, logistic EuroSCORE, CKMB, LIMA usage and peripheral arterial disease were significant factors affecting long-term survival. Except for diabetes, BMI, CKMB and LIMA usage, all these variables are incorporated in the EuroSCORE; however, their weighting will vary. This explains why EuroSCORE is a reasonable approximation as a predictor for long-term survival, but the incidence of diabetes, CKMB and LIMA usage will affect its accuracy. These additional factors not included in the EuroSCORE have been described previously [14] [15] [16] .
Prognostic factors affecting survival have become increasingly important since the introduction of stenting [5] . Identification of patient subgroups that may have a better or worse prognosis is important, especially for comparative studies involving surgery and stenting. The syntax score was not available for our patients, but its value in surgery patients has been questioned [17] .
Low BMI, has previously been described a risk factor for in hospital mortality in cardiac surgery [18] ; however, it has not been previously identified as a factor affecting long-term survival post CABG.
The use of the internal mammary artery is known to be associated with increased survival post CABG; however, it has not been included in a number of previous long-term prediction studies [19] [20] [21] . The number of patients with bilateral internal mammary arteries was too small in our data set to analyse.
Intra-operative myocardial damage is the main cause of cardiac dysfunction post-cardiac surgery, be it myocardial stunning, inadequate cardioplegia or coronary graft dysfunction. The finding that CKMB was a significant factor affecting long-term outcome demonstrates the importance of intra-operative myocardial protection and coronary anastomosis technique, and has been previously identified as a significant factor affecting long-term survival [14] .
Neural networks remain contentious due to their 'black box' technology; however, it predicted exactly the same additional factors to EuroSCORE as logistic regression. The normalized output option with neural networks demonstrated that age, preoperative dialysis and CKMB were more important than logistic EuroSCORE in predicting long-term survival.
It should be noted however, that the ROC for both the logistic EuroSCORE, and neural network, were low, indicating that a large amount of noise was present. This noise equates to factors that that have not been recorded or are impossible to quantify such as the vessel quality, anastomotic quality, performance status and conduit quality. These 'noise factors' may mean that accurately predicting long-term survival will be difficult.
We made no attempt to break down the follow-up period into time intervals as had been done previously [6, 19, 22] . It should be noted that previous work on developing models of long-term outcomes has not included CKMB, BMI, and LIMA usage as possible factors affecting survival despite their known association with long-term outcome [14, 15] .
Quality improvement via unit benchmarking [23] is becoming increasingly commonplace. With regard to long-term survival comparison solely based on logistic EuroSCORE risk adjusted figures may lead to incorrect conclusions, a type I error. 
ADULT CARDIAC
Logistic EuroSCORE is a reasonable approximation for longterm survival after CABG, if the score is <5; however, its predictive capacity is limited due to the absence of LIMA usage, BMI, diabetes and CKMB in its calculation, all of which are significant factors effecting long-term survival.
Limitations
The 13-year time period that the patients in this study were recruited from may introduce a time factor error. This is a common confounding factor of any large study over a prolonged period of time.
We do not have cause of death for any of the patients, a frequent limitation of retrospective analysis.
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Dr Poullis: There is a time effect, because this is a 14-year series, and there was a higher incidence of non-mammary usage in the past. And there are certain situations when some of the surgeons prefer not to use the LIMA.
Dr Kieser: In emergency cases? Dr Poullis: Sometimes. Sometimes if you have someone who is very large, or it becomes a bit urgent. And there are the people with very small mammaries: sometimes they get taken down, they're very small, they become urgent, the patients have big coronaries, and they might get veins instead. But 91% is our average, though it varies. That's one of our process control charts, because it is a quality marker of coronary surgery. And our monthly ratio seems to vary between nearly 100% and about 85%, and it comes out, I think, about 91% the last time we looked.
Dr Kieser: It's probably a lot more in the last, say, 5 years or so. Dr Poullis: Yes.
